ABSTRACT. At concentrations >0.01 ftM, thapsigargin (ThG) dose-dependently caused an increase in cytosolic free Ca2+ concentration ([Ca2+]i) in rat parotid acinar cells, as measured by the fluorescent Ca2+-indicator fura-2. In the absence of extracellular Ca2+, a transient increase in [Ca2+L by ThG was observed, and subsequent addition of carbachol (CCh) did not produce a further [Ca2+]f response, suggesting that ThGreleased Ca2+ from the CCh-sensitive intracellular Ca2+ pool. Since ThGdid not stimulate formation of inositol phosphates, the ThG-induced Ca2+ mobilization is independent of phosphoinositide breakdown. High concentrations (>0.1 juM) of ThGinduced amylase release from rat parotide acini, but the effect was very poor as compared with that of CCh or the protein kinase C activator, PMA(phorbol 12-myristate 13-acetate). Combined addition of ThGand PMAmodestly potentiated amylase release induced by PMAalone. These results support the view that amylase release by muscarinic stimulation is mediated mainly by activation of protein kinase C rather than a rise in [Ca2+h, although Ca2+ may modulate the secretory response. 
Stimulation
of muscarinic-cholinergic receptors evokes amylase release from rat parotid glands together with fluid secretion and ion transport, although the amount of amylase released was relatively modest compared with that evoked by /3-adrenergic receptor stimulation (4, 20) . It is well known that muscarinic stimulation of parotid acinar cells causes a large increase in [Ca2+]i which is attributed to the release of Ca2+from intracellular pools and the entry of Ca2+ across the plasmamembrane (ll, lease evoked by muscarinic stimulation, although the [Ca2+]i response was strongly attenuated by the treatment (21) . In addition, the Ca2+ ionophore ionomycin had only a small stimulatory effect on amylase release (10, 21) . These studies suggest that Ca2+ mobilization is not a sufficient stimulus for inducing amylase release.
Thapsigargin (ThG), a tumor-promoting sesquiterpene lactone, has been reported to cause a slow increase in [Ca2+] iin avariety ofcelltypes (7, 9, 14, 15, 18) , inf To whomcorrespondence should be addressed.
eluding parotid cells. The [Ca2+]i response is believed to be elicited by specific inhibition of the endoplasmic reticulum Ca2+-ATPasewithout affecting phosphoinositide breakdown (19). As ThG has no action on protein kinase C (7), it could be a useful tool for assessing the relationship between Ca2+ mobilization and cellular functions. In the present study, we examined the effects of ThG on [Ca2+]i and amylase release in rat parotid acinar cells.
MATERIALS AND METHODS
Preparation of parotid acini and dissociated acinar cells. Dispersed acini were prepared by enzyme digestion with collagenase and hyaluronidase as previously described (20 Assay ofamylase release. A 1.0-ml portion of acini sus-pension was transferee! into a glass tube and stimulated with secretagogues for 30 min at 37°C. After incubation, the mediumwas collected by nitration through filter paper. To measure the total amylasecontent in the acini, a portion of the suspension was homogenized with a Polytron homogenizer. Amylase activity in media and homogenates was measured by the method of Bernfeld (2) . The released amylase was expressed as percent of the total amylase in the acini. To confirm that the ThG-induced [Ca2+]i response is independent of phosphoinositide breakdown, the effect of ThG on formation of inositol phosphates (IPi, IP2, IP3) was examined. As shown in Table I , a 5 min incubation with 0.1 or 1 juM ThG did not elicit any detectable production of IPi, IP2 or IP3, whereas 10juM CCh stimulated a significant increase in these inositol phosphates. The effects of various concentrations of ThGon amylase release were examined using dispersed parotid acini (Fig. 4) . Low concentrations (up to 0.1 juM) ofThG had little or no effect on amylase release. Although high concentrations (0.5 and 1 juM) stimulated amylase release to twice the basal level, the secretory response was only 36%of that evoked by a maximally effective concentration (10juM) of CCh for amylase release (21). Since it may by possible that Ca2+ and protein kinase C act syn- ergistically to elicit amylase release, it was examined whether ThGenhances the secretory response evoked by the protein kinase C activator PMA.As shown in Fig. 5 , PMAalone stimulated amylase release in a dosedependent manner, and at 100 nMproduced a maximal secretory response which was comparable with that induced by IOjuM CCh. Combined addition of PMAand ThG (0.06 juM) had a modest, but significant, synergistic effect on amylase release. The amount of amylase released by combination of ThG with 1-100nM PMA was 113-135% of that expected for an additive effect.
ThGdid not cause leakage of the cytosolic marker enzyme, lactate dehydrogenase (LDH), from parotid acini (data not shown), indicating that ThG has no toxic effect on plasma membrane. [Ca2+]i indicates that ThG activates Ca2+ entry across the plasma membrane. Although the mechanismfor the Ca2+ entry by ThG is not fully clarified, the depletion of the IP3-sensitive intracellular Ca2+ pool has been proposed to be the signal for Ca2+ entry ("the capacitative Ca2+ entry model") (14) . In the absence of extracellular Ca2+, addition of CCh after ThG did not produce a fur- without phosphoinositide breakdown in rat parotid cells, its effect on amylase release is very weak. In addition, amylase release from saponin-permeabilized parotid acini is not significantly stimulated by application of Ca2+ up to 10juM (16) . These earlier findings are compatible with our conclusion that an increase in [Ca2+]i does not play a major role in stimulating amylase release.
The protein kinase C activator PMAhas been demonstrated to noticeably stimulate amylase release from rat parotid acini without affecting [Ca2+]i (17, 21) , suggesting that amylase release by muscarinic stimulation is mediated mainly by activation of protein kinase C rather than Ca2+-mobilization. Since synergistic effect of ThG and PMAon amylase release was found, the present study does not necessarily exclude the possibility that elevated [Ca2+]i modulates the secretory response mediated by protein kinase C. However, the synergism between ThGand PMAwas modest in comparison with that observed in histamine release from mast cells (8) and serotonin release from platelets (18) . In addition, previous studies showed that synergism between PMA and a Ca2+ ionophore, A23187 or ionomycin, in stimulating amylase release is very weak (17, 21) . Further studies are necessary to determine the precise role of [Ca2+]i for the secretory function in parotid acinar cells.
